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(54) Title: METHOD OF DETERMINING TRANSMISSION DIRECTION, AND RADIO SYSTEM 

(57) Abstract 

The invention relates to 
a radio system and a method 
of determining the transmission 
direction. The radio system 
comprises at least one base 
station (100) communicating 
with terminals (102-106) 
within its area by emitting a 
radiation pattern (110) extending 
over the whole cell area and 
directional radiation patterns 
(112-116) covering only part of 
the cell area. The base station 
transmits base-station-related 
information on a common control 
channel to the terminals. In the 
solution of the invention, the 
base-station-related information 
transmitted by the base station 
comprises a general part and a 
beam-specific part. The base 
station uses the radiation pattern 
(110) extending over the whole 
cell area when transmitting the 
general part. Each beam-specific 
part is transmitted by using 
a specific radiation pattern 
(112-116). Hie terminal detects 
one or more beam-specific parts 
from the information received 

from the base station and transmits information about the detection result to the base station, on the basis of which the base station decides 
which directional radiation pattern to use when communicating with the terminal. The invention enables fast determination of the terminal 
direction with respect to the base station. 
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METHOD OF DETERMINING TRANSMISSION DIRECTION, AND RADIO SYSTEM 

FIELD OF THE INVENTION 

The invention relates to a method of determining the transmission 
direction in a radio system comprising at least one base station communicating 
5 with terminals within its area by emitting a radiation pattern extending over the 
whole cell area and directional radiation patterns covering only part of the cell 
area, and that the base station transmits base-station-related information on a 
common control channel to the terminals. 

BACKGROUND OF THE INVENTION 

10 The present invention can be applied to radio systems using direc- 

tional antenna beams. The directional antenna beams are usually narrow 
beams pointing in a determined direction. The beams can be either fixedly di- 
rected, whereby the coverage area of a base station is covered by several ra- 
dially directed beams, or, alternatively, the beams can be directed towards a 

15 particular terminal or particular terminals, and, in that case, if the terminal 
moves, the beam follows the location of the terminal. The method in which the 
users are distinguished from each other on the basis of their location is called 
an SDMA (Space Division Multiple Access) method. For this purpose, adaptive 
antenna arrays, i.e. phased antennas, and processing of the received signal 

20 enabling the mobile stations to be monitored are typically used in the base 
station. The SDMA enables the signal-to-interference ratio or the signal-to- 
noise ratio to be improved, for example in the base stations of mobile tele- 
phone systems. 

A problem in the use of SDMA methods is how to determine sub- 
25 scriber terminal directions for the transmission of the base station. The nar- 
rower the beams desired to be used, the more accurate must be the direction 
determination. Narrowing the beams is, in turn, profitable, since it reduces 
disturbances. 

It is previously known to determine the direction on the basis of a 
30 signal transmitted by the subscriber station and received by the base station, 
assuming that the radio channel is sufficiently similar in both transmission di- 
rections. Accurate determination of the direction in such a manner takes rather 
a long time, since interference and fading on the transmission path cause in- 
accuracy whose elimination requires the averaging of results. On the other 
35 hand, direction determination should be performed as fast as possible. This is 
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essential particularly in fast packet-switched radio systems, since connections 
must be established fast, reliably and without spending frequency resources. 

BRIEF DESCRIPTION OF THE INVENTION 

An object of the invention is thus to provide a method and a radio 
5 system implementing the method to solve the above mentioned problems. 
This is achieved with the method of the type presented in the introduction, 
characterized in that the base-station-related information transmitted by the 
base station comprises a general part and a beam-specific part, and that the 
base station uses the radiation pattern extending over the whole cell area 

10 when transmitting the general part, and that each beam-specific part is trans- 
mitted by using a specific radiation pattern, and that the terminal detects one 
or more beam-specific parts from the information received from the base sta- 
tion and transmits information on the detection result to the base station, and 
that the base station decides, on the basis of the information, which directional 

15 radiation pattern to use when communicating with the terminal. 

The invention further relates to a radio system comprising at least 
one base station communicating with terminals within its area, which base sta- 
tion comprises means for emitting a radiation pattern extending over the whole 
cell area and directional radiation patterns covering only part of the cell area, 

20 and means for transmitting base-station-related information on a common 
control channel to the terminals. The radio system of the invention is charac- 
terized in that the base station is arranged to transmit base-station-related in- 
formation comprising a general part and a beam-specific part, and that the 
base station comprises means for using the radiation pattern extending over 

25 the whole cell area when transmitting the general part and means for transmit- 
ting each beam-specific part by using a specific directional radiation pattern, 
and that the terminal comprises means for detecting one or more beam- 
specific parts from the information received from the base station and means 
* 

for transmitting information about the detection result to the base station, and 
30 that the base station comprises means for deciding, on the basis of the infor- 
mation, which directional radiation pattern to use when communicating with 
the terminal. 

The preferred embodiments of the invention are disclosed in the 
dependent claims. The invention is based on the fact that a subscriber station 
35 receives a signal, usually a control channel, transmitted by a base station. In 
the. solution of the invention, the direction in which the base station should 
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transmit in order to enable a narrow-beam connection to the subscriber termi- 
nal can be inferred from this signal. 

The method and system of the invention provide many advantages. 
The solution of the invention enables faster and more reliable determination of 
5 a terminal direction than before. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the invention will be described in more detail by 
means of preferred embodiments with reference to the accompanying draw- 
ings, in which: 

10 Figure 1 shows a system to^which the invention can be applied. - 

Figures 2a and 2b are block diagrams showing an example of the 
structure of the reception side and the transmission side in a base station used 
in the system of the invention. 

Figure 3 illustrates a typical beam shape of a base station on a traf- 
15 fic channel. 

Figures 4a and 4b illustrate typical beam shapes of a base station. 
Figure 5 illustrates an example of applying the method of the inven- 
tion during connection set-up. 

Figures 6a and 6b show examples of frame structures used in the 
20 system of the invention. 

Figure 7 is a block diagram illustrating an example of a subscriber 
terminal structure of the system of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Let us first take a closer look at Figure 1 illustrating an example of a 

25 cell in the radio system of the invention. The system comprises a base station 
100 and a number of subscriber terminals 102-108 within each cell. In the 
situation according to Figure 1, a call is in progress in the subscriber terminals 
102-106, and the base station transmits a traffic channel signal to the termi- 
nals by using narrow-beam radiation patterns 112-1 16. The terminal 108 does 

30 not actively communicate with the base station. 

On a typical subscriber-specific traffic channel, the aim is to obtain a 
beam that is as narrow as possible so as to direct the transmission to a small 
area and to avoid interference with other connections. Besides traffic chan- 
nels, base stations transmit base-station-related information on control and 

35 paging channels, the information being used by the terminals for identifying 
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the base station and the used frequency bands by means of which the termi- 
nals can transmit a connection set-up message to the base station. Narrow 
beams cannot be used on these channels, but the transmission must be di- 
rected to the whole cell area. In the example in Figure 1 , the base station 100 
5 transmits control channels over the whole cell area by means of an omnidirec- 
tional radiation pattern 110. It is to be noted that antenna beams are in prac- 
tice seldom distinct narrow beams as shown in Figure 1 , but, depending on the 
structure of the antenna, radiation patterns usually comprise several maximum 
and minimum points, i.e. several beams varying in size. A radiation pattern 

10 may comprise a main beam and a number of small side lobes that, depending 
on the application, may or may hot be utilized in a transmission. 

Let us next have a closer look at the block diagrams presented in 
Figures 2a and 2b showing ah example of the structure of a base station used 
in the system of the invention. The base station comprises a number of paral- 

1 5 lei transmitters and receivers, or radio frequency parts thereof, and common 
signal processing blocks. Figure 2a illustrates the structure of the base station 
in the reception direction. The base station comprises antenna means 200a, 
200b used for receiving a subscriber terminal signal from the desired direction. 
The signal received by the antennas is applied to band-pass filters 202a, 202b 

20 and to intermediate amplifiers 204a, 204b. From the amplifiers, the signal is 
applied to a mixer 206a, 206b where it is multiplied by the output frequency of 
a local oscillator 208a, 208b, whereby the signal can be converted into a lower 
frequency. The converted signal is applied via filters 210a, 210b to A/D con- 
verters 212a, 212b converting the signal from analog to digital form. The digit- 

25 ized signal is forwarded to a signal processor 214, where it can be further 
processed as desired. The processing may include for example de-interleaving 
and decoding, as is obvious to those skilled in the art. A signal 216 is for- 
warded from the signal processor to other parts of the base station. The base 
station also comprises processor means 218 controlling the operation of the 

30 other parts of the base station, for example the phasing of the antennas in the 
desired direction at a given time. The processor means 218 can be imple- 
mented by a general purpose processor or a signal processor, or by discrete 
logic. 

Figure 2b illustrates the structure of the base station in the recep- 
35 tion direction. The base station comprises a signal processor 220 where a sig- 
nal is processed in the desired manner. From the processor, the signal is ap- 
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plied to a D/A converter 222a, 222b where the signal is converted into analog 
form. From the converter, the analog signal is applied to a mixer 224a, 224b 
where it is multiplied by the output frequency of a local oscillator 226a, 226b, 
whereby the signal can be converted into a higher frequency. From the mixer, 
5 the signal is applied via an amplifier 228a, 228b and a band-pass filter 230a, 
230b to antenna means 232a, 232b used for transmitting the signal. The base 
station also comprises processor means 234 controlling the operation of the 
other parts of the base station, for example the phasing of the antennas in the 
desired direction at a given time. The processor means 234 can be imple- 

10 mented by a general purpose processor or a signal processor, or by discrete 
'logic. ' • ' '.'V" • . 

In an SDMA base station, a phase-controlled antenna array is usu- 
ally used as the antenna means 200a, 200b, 232a, 232b, but separate anten- 
nas can also be used. An SDMA radio apparatus together with the antennas 

15 form an adaptive radiation pattern whose amplification and beamwidth depend 
on, for example, the number of antenna elements, i.e. emitters, used. The 
greater the number of elements in the antenna array, the narrower the beam 
and the greater the amplification achieved. In the base station of the invention, 
the phasing of the antennas can be implemented in known manners. 
, 20 Figure 3 illustrates a typical beam shape in a base station on one 

traffic channel. In the figure, the horizontal axis shows angle and the vertical 
axis shows amplitude. The presented beam thus corresponds to any of the 
radiation patterns 122-116 presented in Figure 1. The aim is to obtain the nar- 
rowest possible radiation beam for the traffic channel. However, a radiation 

25 pattern extending over the whole cell area is needed for the control channels. 
In that case, the use of several antenna elements is also possible by phasing 
the signals in a suitable manner, and an antenna pattern can then be identical 
to the one presented in Figure 4a. In the figure, axes have the same signifi- 
cance, as in Figure 3. Figure 4b, in turn, illustrates simultaneous transmission 

30 of several traffic channels by means of directional beams. The figure shows 
four beams 400-406 pointing in different directions. Simultaneous transmission 
of separate beams is successful if beam-specific signals are independent, i.e. 
orthogonal. 

In the solution of the invention, the transmission manners according 
35 to Figures 4a and 4b are integrated in such a way that common information is 
transmitted in the transmission manner presented in Figure 4a, and beam- 
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specific information in the transmission manner presented in Figure 4b. Figure 
5 illustrates an example of applying the method of the invention during con- 
nection set-up. Referring to Figure 1, it is assumed that the terminal 108 de- 
sires to set up a call. The base station 100 transmits base-station-related in- 
5 formation by means of the radiation pattern 110 directed to the whole cell 
area. The information also comprises a beam-specific part which is transmitted 
through each beam and is different within each beam. Figure 5 illustrates three 
beams 500-504 falling close to the terminal 108. In other words, each beam 
transmits a signal that comprises a portion different from the others. The ter- 

10 minal detects the base-station-related information received from the base sta- 
tion, and transmits information to the base station about the beam-specific 
parts it has detected. The base station can thus conclude the direction in 
which the terminal is located and the direction in which the beam intended for 
traffic channel transmission is to be directed. In the situation in the example of 

15 Figure 5, the beam 502 can be heard best by the terminal. The terminal can 
transmit information to the base station about one or more beam-specific iden- 
tifiers it has detected. The terminal does not necessarily have to know that the 
information it has received is beam-specific, but can echo the beam-specific 
information it has received, for example by using the received training se- 

20 quence in its transmission. 

According to a preferred embodiment, the base station transmits 
base-station-related information in frame-structured form. In. that case the 
frame comprises a general part and a beam-specific part. When transmitting 
the general part of the frame, the base station uses a radiation pattern ex- 

25 tending over the whole cell area. Each beam-specific part of the frame is 
transmitted using a specific narrow-beam radiation pattern. This is illustrated in 
Figure 6, showing an example of the frame structure used in the system of the 
invention. The frame comprises start and end bits 600, 602, actual information 
604, 606, a training sequence 608 and a colour code 610. The transmission 

30 manner presented in Figure 4a is used in all other blocks except when the col- 
our code 610 is transmitted. The colour code 610 is a beam-specific identifier 
which is transmitted according to the transmission manner presented in Figure 
4b. The colour codes are preferably formed from mutually orthogonal code 
sequences to ensure reliable detection by the terminal. A sufficient, but limited 

35 number of colour codes is required. 
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The subscriber terminal detects the colour code for example by cor- 
relating the received signal with each colour code. The best correlation result 
shows the beam from which the strongest signal can be received. Obtaining 
two or more good correlation results indicates that the angular scattering of the 
5 radio environment is great, and the base station should use a wider transmis- 
sion beam. The terminal can inform the base station of the best beam or 
beams that the base station can use when setting up a subscriber-specific 
connection with the terminal. The terminal can also inform the base station of 
the correlation results suitably quantized, whereby the base station can make 

10 decisions independently about a suitable beam direction and width. 

If code division- multiple access is used in the system, the beam- 
specific part can be implemented by each beam-specific part being composed 
of a different spreading code. An alternative is also to transmit the general part 
and the beam-specific parts by using the same spreading code, but in different 

15 phases. In that case, the terminal distinguishes the transmission on the basis 
of the phase difference. In other words, the terminal measures the code phase 
shift between a narrow-beam transmission and a wide-beam transmission. 

Let us next have a closer look at Figure 7 showing an example of 
the structure of the subscriber terminal used in the radio system of the inven- 

20 tion. In transmitter direction, the subscriber terminal comprises means for 
coding 702 a signal 700 to be transmitted, the output of the means being op- 
erationally connected to the input of modulation means 704 whose output sig- 
nal is applied to a transmitter unit 706. In the transmitter unit, the signal is 
transferred to a radio frequency and amplified. The signal is applied from the 

25 transmitter unit to an antenna 710 via a duplex filter 708. 

In receiver direction, the subscriber terminal further comprises a re- 
ceiver unit 712 to which the signal received by the antenna 710 is applied via 
the duplex filter 708. The signal received is converted in the receiver unit 712 
into an intermediate frequency, and the output signal of the unit is operation- 

30 ally connected to the input of converter means 714. In the converter means, 
the signal is converted into digital form. The converted signal is applied to de- 
tector means 716 where the base-station-related information received from the 
base station is detected. The apparatus further comprises control and calcula- 
tion means 718 controlling the operation of the other blocks mentioned above. 

35 The control and calculation means are typically implemented by a processor or 
by discrete logic. 
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The control processor, in addition to the detector means, detects 
the beam-specific parts and transmits information to the base station by using 
the means 702-706 on the transmitter side. 

According to an embodiment of the invention, the training sequence 
5 included in a frame is used as the beam-specific part. This is illustrated in Fig- 
ure 6b. In this case, the frame comprises start and end bits 600, 602, actual 
information 604, 606, and a training sequence 608. This provides the advan- 
tage that a longer sequence leading to better correlation properties is ob- 
tained. A disadvantage is that all the training sequences must be gone 
10 through, whereby the calculation requires more resources. 

Although the invention is described above with reference to the ex- 
ample according to the accompanying drawings, it is obvious that the invention 
is not restricted thereto but can be modified in many ways within the scope of 
the inventive idea presented in the attached claims. 
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CLAIMS 

1. A method of determining the transmission direction in a radio 
system comprising at least one base station (100) communicating with termi- 
nals (102-106) within its area by emitting a radiation pattern extending over the 
5 whole cell area (110) and directional radiation patterns covering only part of 
the cell area (112-116), and that the base station transmits base-station- 
related information on a common control channel to the terminals, charac- 
terized in that 

the base-station-related information transmitted by the base station 
10 comprises a general part and a bearrvspecific part, and that 

the base station uses the radiation pattern (110) extending over the 
whole cell area when transmitting the general part, and that 

each beam-specific part is transmitted by using a specific radiation 
pattern (1 12-1 16), and that 
1 5 the terminal detects one or more beam-specific parts from the in- 

formation received from the base station and transmits information about the 
detection result to the base station, and that 

the base station decides, on the basis of the information, which di- 
rectional radiation pattern to use when communicating with the terminal. 
20 2. A method as claimed in claim 1, characterized in that the 

beam-specific part of the base-station-related information transmitted by the 
base station comprises a code that is different in each directional radiation 
pattern transmitted by the base station. 

3. A method as claimed in claim 1, characterized in that the 
25 terminal transmits information to the base station about one or more detected 

beam-specific identifiers. 

4. A method as claimed in claim ^characterized in that the 
base station transmits base-station-related information in frame-structured 
form, and that the frame comprises a general part and a beam-specific part, 

30 and that 

the base station uses the radiation pattern extending over the whole 
cell area when transmitting the general part of the frame, and that 

each beam-specific part of the frame is transmitted by using a spe- 
cific directional radiation pattern. 
35 5. A method as claimed in claim 4, characterized in that the 

frame comprises a training sequence used as the beam-specific part. 
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6. A method as claimed in claim 1, characterized in that the 
base station forms the radiation pattern extending over the whole cell area and 
the directional radiation patterns by means of an antenna array composed of 
several elements by phasing the signal to be transmitted via the antennas. 
5 7. A method as claimed in any one of the preceding claims, 

characterized in that the directional radiation patterns are narrow- 
beam radiation patterns. 

8. A method as claimed in claim 1, characterized in that 
code division multiple access is used in the system. 
10 9. A method as claimed in claim 8, characterized in that 

4 each i beam-specific part is composed of a different spreading code. 

- 10. A method as claimed in claim 8, c h a r a c t e r i z e d in that 
the general part and the beam-specific parts are transmitted by using the 
same spreading code, but in different phases. 
15 11. A radio system comprising at least one base station communi- 

cating with terminals within its area, which base station comprises means 
(232a, 232b, 234) for emitting a radiation pattern extending over the whole cell 
area and directional radiation patterns covering only part of the cell area, and 
means (232a, 232b, 234, 220) for transmitting base-station-related information 
20 on a common control channel to the terminals, characterized in that 

the base station is arranged to transmit base-station-related infor- 
mation comprising a general part and a beam-specific part, and that 

the base station comprises means (232a, 232b, 234) for using the 
radiation pattern extending over the whole cell area when transmitting the 
25 general part and 

means (232a, 232b, 234) for transmitting each beam-specific part 
by using a specific directional radiation pattern, and that 

the terminal comprises means (716, 718) for detecting one or more 
beam-specific parts from the information received from the base station and 
30 means (702-706, 718) for transmitting information about the detection result to 
the base station, and that 

the base station comprises means (218, 234) for deciding, on the 
basis of the information, which directional radiation pattern to use when com- 
municating with the terminal. 
35 1 2. A radio system as claimed in claim 11, characterized in 

that the base station comprises an antenna array (200a, 200b, 232a, 232b) 
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composed of several elements, and means (218, 234) for phasing the signal 
transmitted via the antennas in order to form the directional radiation patterns. 

1 3. A radio system as claimed in claim 11, characterized in 
that the base station comprises means (220, 234) for forming the beam- 
5 specific part of the base-station-related information in such a way that it com- 
prises a code that is different in each directional radiation pattern transmitted 
by the base station. 
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METHOD OF DETERMINING TRANSMISSION DIRECTION, AND RADIO SYSTEM 

FIELD OF THE INVENTION 

The invention relates to a method of determining the transmission 
direction in a radio system comprising at least one base station communicating 
5 with terminals within its area by emitting a radiation pattern extending over the 
whole cell area and directional radiation patterns covering only part of the cell 
area, and that the base station transmits base-station-related information on a 
common control channel to the terminals. 

BACKGROUND OF THE INVENTION , 
10 The present invention can be applied to radio systems using direc- 

tional antenna beams. The directional antenna beams are usually narrow 
beams pointing in a determined direction. The beams can be either fixedly di- 
rected, whereby the coverage area of a base station is covered by several ra- 
dially directed beams, or, alternatively, the beams can be directed towards a 
15 particular terminal or particular terminals, and, in that case, if the terminal 
moves, the beam follows the location of the terminal. The method in which the 
users are distinguished from each other on the basis of their location is called 
an SDMA (Space Division Multiple Access) method. For this purpose, adaptive 
antenna arrays, i.e. phased antennas, and processing of the received signal 
20 enabling the mobile stations to be monitored are typically used in the base 
station. The SDMA enables the signal-to-interference ratio or the signal-to- 
noise ratio to be improved, for example in the base stations of mobile tele- 
phone systems. 

A problem in the use of SDMA methods is how to determine sub- 
25 scriber terminal directions for the transmission of the base station. The nar- 
rower the beams desired to be used, the more accurate must be the direction 
determination. Narrowing the beams is, in turn, profitable, since it reduces 
disturbances. 

It is previously known to determine the direction on the basis of a 
30 signal transmitted by the subscriber station and received by the base station, 
assuming that the radio channel is sufficiently similar in both transmission di- 
rections. Accurate determination of the direction in such a manner takes rather 
a long time, since interference and fading on the transmission path cause in- 
accuracy whose elimination requires the averaging of results. On the other 
35 hand, direction determination should be performed as fast as possible. This is 



AM.Qnnr.irv *-wn op^Ftfii A3 IA> 



WO 98/53561 



PCT/FI98/00415 



2 

essential particularly in fast packet-switched radio systems, since connections 
must be established fast, reliably and without spending frequency resources. 

BRIEF DESCRIPTION OF THE INVENTION 

An object of the invention is thus to provide a method and a radio 
5 system implementing the method to solve the above mentioned problems. 
This is achieved with the method of the type presented in the introduction, 
characterized in that the base-station-related information transmitted by the 
base station comprises a general part and a beam-specific part, and that the 
base station uses the radiation pattern extending over the whole cell area 

10 when transmitting the general part, and that each beam-specific part is trans- 
mitted by using a specific radiation pattern, and that the terminal detects one 
or more beam-specific parts from the information received from the base sta- 
tion and transmits information on the detection result to the base station, and 
that the base station decides, on the basis of the information, which directional 

15 radiation pattern to use when communicating with the terminal. 

The invention further relates to a radio system comprising at least 
one base station communicating with terminals within its area, which base sta- 
tion comprises means for emitting a radiation pattern extending over the whole 
cell area and directional radiation patterns covering only part of the cell area, 

20 and means for transmitting base-station-related information on a common 
control channel to the terminals. The radio system of the invention is charac- 
terized in that the base station is arranged to transmit base-station-related in- 
formation comprising a general part and a beam-specific part, and that the 
base station comprises means for using the radiation pattern extending over 

25 the whole cell area when transmitting the general part and means for transmit- 
ting each beam-specific part by using a specific directional, radiation pattern, 
and that the terminal comprises means for detecting one or more beam- 
specific parts from the information received from the base station and means 
for transmitting information about the detection result to the base station, and 

30 that the base station comprises means for deciding, on the basis of the infor- 
mation, which directional radiation pattern to use when communicating with 
the terminal. 

The preferred embodiments of the invention are disclosed in the 
dependent claims. The invention is based on the fact that a subscriber station 
35 receives a signal, usually a control channel, transmitted by a base station. In 
the solution of the invention, the direction in which the base station should 
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transmit in order to enable a narrow-beam connection to the subscriber termi- 
nal can be inferred from this signal. 

The method and system of the invention provide many advantages. 
The solution of the invention enables faster and more reliable determination of 
5 a terminal direction than before. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the invention will be described in more detail by 
means of preferred embodiments with reference to the accompanying draw- 
ings, in which: 

10=,. . Figure -1 shows a system to which the invention can be applied. .. 

Figures 2a and 2b are block diagrams showing an example of the 
structure of the reception side and the transmission side in a base station used 
in the system of the invention. 

Figure 3 illustrates a typical beam shape of a base station on a traf- 
15 fic channel. 

Figures 4a and 4b illustrate typical beam shapes of a base station. 

Figure 5 illustrates an example of applying the method of the inven- 
tion during connection set-up. 

Figures 6a and 6b show examples of frame structures used in the 
20 system of the invention. 

Figure 7 is a block diagram illustrating an example of a subscriber 
terminal structure of the system of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Let us first take a closer look at Figure 1 illustrating an example of a 
25 cell in the radio system of the invention. The system comprises a base station 
100 and a number of subscriber terminals 102-108 within each cell. In the 
situation according to Figure 1 , a call is in progress in the subscriber terminals 
102-106, and the base station transmits a traffic channel signal to the termi- 
nals by using narrow-beam radiation patterns 112-116. The terminal 108 does 
30 not actively communicate with the base station. 

On a typical subscriber-specific traffic channel, the aim is to obtain a 
beam that is as narrow as possible so as to direct the transmission to a small 
area and to avoid interference with other connections. Besides traffic chan- 
nels, base stations transmit base-station-related information on control and 
35 paging channels, the information being used by the terminals for identifying 
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the base station and the used frequency bands by means of which the termi- 
nals can transmit a connection set-up message to the base station. Narrow 
beams cannot be used on these channels, but the transmission must be di- 
rected to the whole cell area. In the example in Figure 1, the base station 100 
5 transmits control channels over the whole cell area by means of an omnidirec- 
tional radiation pattern 110. It is to be noted that antenna beams are in prac- 
tice seldom distinct narrow beams as shown in Figure 1 , but, depending on the 
structure of the antenna, radiation patterns usually comprise several maximum 
and minimum points, i.e. several beams varying in size. A radiation pattern 

10 may comprise a main beam and a number of small side lobes that, depending 
bh the application, may or may not be Utilized in a transmission. 

Let us next have a closer look at the block diagrams presented in 
Figures 2a and 2b showing an example of the structure of a base station used 
in the system of the invention. The base station comprises a number of paral- 

15 lei transmitters aind receivers, or radio frequency parts thereof, and common 
signal processing blocks. Figure 2a illustrates the structure of the base station 
in the reception direction. The base station comprises antenna means 200a, 
200b used for receiving a subscriber terminal signal from the desired direction. 
The signal received by the antennas is applied to band-pass filters 202a, 202b 

20 and to intermediate amplifiers 204a, 204b. From the amplifiers, the signal is 
applied to a mixer 206a, 206b where it is multiplied by the output frequency of 
a local oscillator 208a, 208b, whereby the signal can be converted into a lower 
frequency. The converted signal is applied via filters 210a, 210b to A/D con- 
verters 212a, 212b converting the signal from analog to digital form. The digit- 

25 ized signal is forwarded to a signal processor 214, where it can be further 
processed as desired. The processing may include for example de-interleaving 
and decoding, as is obvious to those skilled in the art. A signal 216 is for- 
warded from the signal processor to other parts of the base station. The base 
station also comprises processor means 218 controlling the operation of the 

30 other parts of the base station, for example the phasing of the antennas in the 
desired direction at a given time. The processor means 218 can be imple- 
mented by a general purpose processor or a signal processor, or by discrete 
logic. 

Figure 2b illustrates the structure of the base station in the recep- 
35 tion direction. The base station comprises a signal processor 220 where a sig- 
nal is processed in the desired manner. From the processor, the signal is ap- 
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plied to a D/A converter 222a, 222b where the signal is converted into analog 
form. From the converter, the analog signal is applied to a mixer 224a, 224b 
where it is multiplied by the output frequency of a local oscillator 226a, 226b, 
whereby the signal can be converted into a higher frequency. From the mixer, 
5 the signal is applied via an amplifier 228a, 228b and a band-pass filter 230a, 
230b to antenna means 232a, 232b used for transmitting the signal. The base 
station also comprises processor means 234 controlling the operation of the 
other parts of the base station, for example the phasing of the antennas in the 
desired direction at a given time. The processor means 234 can be imple- 

10 mented by a general purpose processor or a signgl processor, or by discrete 
■ •■ logic. - ... . * -v ;/ ■■ . . - 

1 In an SDMA base station, a phase-controlled antenna array is usu- 
ally used as the antenna means 200a, 200b, 232a, 232b, but separate anten- 
nas can also be used. An SDMA radio apparatus together with the antennas 

15 form an adaptive radiation pattern whose amplification and beamwidth depend 
on, for example, the number of antenna elements, i.e. emitters, used. The 
greater the number of elements in the antenna array, the narrower the beam 
and the greater the amplification achieved. In the base station of the invention, 
the phasing of the antennas can be implemented in known manners. 

20 Figure 3 illustrates a typical beam shape in a base station on one 

traffic channel. In the figure, the horizontal axis shows angle and the vertical 
axis shows amplitude. The presented . beam thus corresponds to any of the 
radiation patterns 122-116 presented in Figure 1. The aim is to obtain the nar- 
rowest possible radiation beam for the traffic channel. However, a radiation 

25 pattern extending over the whole cell area is needed for the control channels. 
In that case, the use of several antenna elements is also possible by phasing 
the signals in a suitable manner, and an antenna pattern can then be identical 
to the one presented in Figure 4a. In the figure, axes have the same signifi- 
cance as in Figure 3. Figure 4b, in turn, illustrates simultaneous transmission 

30 of several traffic channels by means of directional beams. The figure shows 
four beams 400-406 pointing in different directions. Simultaneous transmission 
of separate beams is successful if beam-specific signals are independent, i.e. 
orthogonal. 

In the solution of the invention, the transmission manners according 
35 to Figures 4a and 4b are integrated in such a way that common information is 
transmitted in the transmission manner presented in Figure 4a, and beam- 
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specific information in the transmission manner presented in Figure 4b. Figure 
5 illustrates an example of applying the method of the invention during con- 
nection set-up. Referring to Figure 1, it is assumed that the terminal 108 de- 
sires to set up a call. The base station 100 transmits base-station-related in- 
5 formation by means of the radiation pattern 110 directed to the whole cell 
area. The information also comprises a beam-specific part which is transmitted 
through each beam and is different within each beam. Figure 5 illustrates three 
beams 500-504 falling close to the terminal 108. In other words, each beam 
transmits a signal that comprises a portion different from the others. The ter- 

10 minal detects the base-station-related information received from the base sta- 

• tion, and transmits information to the base station about the beam-specific 
parts- it has detected. The base station can thus conclude the direction in 
which the terminal is located and the direction in which the beam intended for 
traffic channel transmission is to be directed. In the situation in the example of 

15 Figure 5, the beam 502 can be heard best by the terminal. The terminal can 
transmit information to the base station about one or more beam-specific iden- 
tifiers it has detected. The terminal does not necessarily have to know that the 
information it has received is beam-specific, but can echo the beam-specific 
information it has received, for example by using the received training se- 

20 quence in its transmission. 

According to a preferred embodiment, the base station transmits 
base-station-related information in frame-structured form. In that case the 
frame comprises a general part and a beam-specific part. When transmitting 
the general part of the frame, the base station uses a radiation pattern ex- 

25 tending over the whole cell area. Each beam-specific part of the frame is 
transmitted using a specific narrow-beam radiation pattern. This is illustrated in 
Figure 6, showing an example of the frame structure used in the system of the 
invention. The frame comprises start and end bits 600, 602, actual information 
604, 606, a training sequence 608 and a colour code 610. The transmission 

30 manner presented in Figure 4a is used in all other blocks except when the col- 
our code 610 is transmitted. The colour code 610 is a beam-specific identifier 
which is transmitted according to the transmission manner presented in Figure 
4b. The colour codes are preferably formed from mutually orthogonal code 
sequences to ensure reliable detection by the terminal. A sufficient, but limited 

35 number of colour codes is required. 
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The subscriber terminal detects the colour code for example by cor- 
relating the received signal with each colour code. The best correlation result 
shows the beam from which the strongest signal can be received. Obtaining 
two or more good correlation results indicates that the angular scattering of the 
5 radio environment is great, and the base stgtion should use a wider transmis- 
sion beam. The terminal can inform the base station of the best beam or 
beams that the base station can use when setting up a subscriber-specific 
connection with the terminal. The terminal can also inform the base station of 
the correlation results suitably quantized, whereby the base station can make 

10 decisions independently about a suitable beam direction and width. 

! - : If code division multiple access is used in the system, the beam- 
specific part can be implemented by each beam-specific part being composed 
of a different spreading code. An alternative is also to transmit the general part 
and the beam-specific parts by using the same spreading code, but in different 
. 15 phases. In that case, the terminal distinguishes the transmission on the basis 
of the phase difference. In other words, the terminal measures the code phase 
shift between a narrow-beam transmission and a wide-beam transmission. 

Let us next have a closer look at Figure 7 showing an example of 
the structure of the subscriber terminal used in the radio system of the inven- 

20 tion. In transmitter direction, the subscriber terminal comprises means for 
coding 702 a signal 700 to be transmitted, the output of the means being op- 
erationally connected to the input of modulation means 704 whose output sig- 
nal is applied to a transmitter unit 706. In the transmitter unit, the signal is 
transferred to a radio frequency and amplified. The signal is applied from the 

25 transmitter unit to an antenna 710 via a duplex filter 708. 

In receiver direction, the subscriber terminal further comprises a re- 
ceiver unit 712 to which the signal received by the antenna 710 is applied via 
the duplex filter 708. The signal received is converted in the receiver unit 712 
into an intermediate frequency, and the output signal of the unit is operation- 

30 ally connected to the input of converter means 714. In the converter means, 
the signal is converted into digital form. The converted signal is applied to de- 
tector means 716 where the base-station-related information received from the 
base station is detected. The apparatus further comprises control and calcula- 
tion means 718 controlling the operation of the other blocks mentioned above. 

35 The control and calculation means are typically implemented by a processor or 
by discrete logic. 
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The control processor, in addition to the detector means, detects 
the beam-specific parts and transmits information to the base station by using 
the means 702-706 on the transmitter side. 

According to an embodiment of the invention, the training sequence 
5 included in a frame is used as the beam-specific part; This is illustrated in Fig- 
ure 6b. In this case, the frame comprises start and end bits 600, 602, actual 
information 604, 606, and a training sequence 608. This provides the advan- 
tage that a longer sequence leading to better correlation properties is ob- 
tained. A disadvantage is that all the training sequences must be gone 
10 through, whereby the calculation requires more resources. 
• Although the in vehtibn is described above with reference to the ex- 

ample according to the accompanying drawings, it is obvious that the invention 
is not restricted thereto but can be modified in many ways within the scope of 
the inventive idea presented in the attached claims. 
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CLAIMS 

1 . A method of determining the transmission direction in a radio 
system comprising at least one base station (100) communicating with termi- 
nals (102-106) within its area by emitting a radiation pattern extending over the 
5 whole cell area (110) and directional radiation patterns covering only part of 
the cell area (112-116), and that the base station transmits base-station- 
related information on a common control channel to the terminals, charac- 
terized in that 

the base-station-related information transmitted by the base station 
40 comprises a general part and a beam-specific part, and that 

the base station uses the radiation pattern (110) extending over the 
whole cell area when transmitting the general part, and that 

each beam-specific part is transmitted by using a specific radiation 
pattern (112-116), and that 
15 the terminal detects one or more beam-specific parts from the in- 

formation received from the base station and transmits information about the 
detection result to the base station, and that 

the base station decides, on the basis of the information, which di- 
rectional radiation pattern to use when communicating with the terminal. 
20 2. A method as claimed in claim 1, characterized in that the 

beam-specific part of the base-station-related information transmitted by the 
base station comprises a code that is different in each directional radiation 
pattern transmitted by the base station. 

3. A method as claimed in claim 1, characterized in that the 
25 terminal transmits information to the base station about one or more detected 

beam-specific identifiers. 

4. A method as claimed in claim ^characterized in that the 
base station transmits base-station-relateid information in frame-structured 
form, and that the frame comprises a general part and a beam-specific part, 

30 and that 

the base station uses the radiation pattern extending over the whole 
cell area when transmitting the general part of the frame, and that 

each beam-specific part of the frame is transmitted by using a spe- 
cific directional radiation pattern. 
35 5. A method as claimed in claim 4, characterized in that the 

frame comprises a training sequence used as the beam-specific part. 
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6. A method as claimed in claim 1, characterized in that the 
base station forms the radiation pattern extending over the whole cell area and 
the directional radiation patterns by means of an antenna array composed of 
several elements by phasing the signal to be transmitted via the antennas. 
5 7. A method as claimed in any one of the preceding claims, 

characterized in that ttie directional radiation patterns are narrow- 
beam radiation patterns. 

8. A method as claimed in claim 1, characterized in that 
code division multiple access is used in the system. 
10 9. A method as claimed in claim 8, characterized in that 

each beam-specific part is composed of a 

1 0. A method as claimed in claim 8, characterized in that 
the general part and the beam-specific parts are transmitted by using the 
same spreading code, but in different phases. 
15 11. A radio system comprising at least one base station communi- 

cating with terminals within its area, which base station comprises means 
(232a, 232b, 234) for emitting a radiation pattern extending over the whole cell 
area and directional radiation patterns covering only part of the cell area, and 
means (232a, 232b, 234, 220) for transmitting base-station-related information 
20 on a common control channel to the terminals, characterized in that 

the base station is arranged to transmit base-station-related infor- 
mation comprising a general part and a beam-specific part, and that 

the base station comprises means (232a, 232b, 234) for using the 
radiation pattern extending over the whole cell area when transmitting the 
25 general part and * 

means (232a, 232b, 234) for transmitting each beam-specific part 
by using a specific directional radiation pattern, and that 

the terminal comprises means (716, 718) for detecting one or more 
beam r specific parts from the information received from the base station and 
30 means (702-706, 718) for transmitting information about the detection result to 
the base station, and that 

the base station comprises means (218, 234) for deciding, on the 
basis of the information, which directional radiation pattern to use when com- 
municating with the terminal. 
35 1 2. A radio system as claimed in claim 11, characterized in 

that the base station comprises an antenna array (200a, 200b, 232a, 232b) 
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composed of several elements, and means (218, 234) for phasing the signal 
transmitted via the antennas in order to form the directional radiation patterns. 

13. A radio system as claimed in claim 11, characterized in 
that the base station comprises means (220, 234) for forming the beam- 
5 specific part of the base-station-related information in such a way that it com- 
prises a code that is different in each directional radiation pattern transmitted 
by the base station. 
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